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Abstract
Mud crab of the genus Scylla possessed almost similar characteristics despite the established key 
identification which contributed to a slight confusion when inspecting them at a morphological 
level. Therefore, this phylogenetic study may give an insight to differentiate between species at 
a molecular level. This study examined 520 base pairs (bp) of the mitochondrial cytochrome c 
oxidase I (COI) gene from 60 individuals belonging to the genus Scylla, a group of mud crabs 
that inhabit over vast geographic areas ranging from south eastern and eastern Africa to South-
east Asia and Indo-Pacific regions. The samples were taken from various locations throughout 
peninsular Malaysia, Sabah and Sarawak. The nucleotide sequences were subjected to phyloge-
netic analyses by using the neighbour – joining (NJ) and maximum parsimony (MP) methods. 
All two methods revealed the reciprocally monophyletic relationship between Scylla olivacea, S. 
paramamosain, S. tranquebarica and S. serrata. The clustering of all four species of Scylla samples 
into four different clades suggested that their genetic identity belongs to their respective species, 
thus strongly supporting their status as different species available throughout Malaysia. Overall, 
the present study was able to be a reference on the phylogenetic relationships and assessment of 
genetic structure of Scylla sp. in Malaysia.
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1. Introduction 
Taxonomy is the foundation of traditional conservation practices [1, 2] and understanding the 
taxonomic details of a species is central to the development of successful management strate-
gies for sustainable fisheries resources. Mitochondrial DNA (mtDNA) has been one of the most 
widely used molecular markers for phylogenetic and taxonomic studies in animals [3] due to 
its maternal mode of inheritance and mainly non-recombining nature [4]. Though mtDNA se-
quence data have proved valuable in determining phylogenetic relationships, there are consider-
able differences in the characteristics of different types of gene and it is crucial that the choice of 
gene is appropriate to the problem being tackled [5]. Cytochrome oxidase subunit I (COI) is the 
largest of the three mitochondria-encoded Cytochrome Oxidase subunits, and is one of the larg-
est protein-coding genes in the metazoan mitochondrial genome which has been used as a target 
gene for a number of molecular phylogenetic and identification studies [6]. 
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Mud crab of the genus Scylla belongs to the Portunidae family. They are also known as swimming 
crabs which characterized by their broad paddles of the flattened fifth pair of legs. The discoverer 
recognized the existence of only one species, Scylla serrata (Forskål, 1775), until Estampador’s [7] 
revision made clear that there are more than one species exists. Numerous convincing arguments 
for the recognition of the species involved were made to minimize the confusion of the taxonomic 
nomenclature [8] until genetic studies have come up to support and correct the findings [9]. 
Several genetic methods using allozyme electrophoresis, mitochondrial genes and nuclear genes 
[10] havebeen carried out in attempt to justify species in this genus and to date, there are four 
distinct species wererecognized namely Scylla serrata, S. paramamosain, S. tranquebarica and 
S. olivacea [10]. However, the relationships among these species are still not clear. Therefore, it is 
imperative that data collected from COI gene sequence be employed for defining the phyloge-
netic relationships among species within the Scylla genus. In this current study, the sequence of 
COI gene has been employed to reappraise the taxonomic status and unravel the phylogenetic 
relationships among species within genus Scylla.  
2. Materials and Methods
2.1. Sample collection
A total of 50 individuals were caught from eight different mangrove swamps across Malaysia, 
two within the east coast Peninsular (Terengganu, n = 10; Kelantan, n = 11), three within the west 
coast of Peninsular Malaysia (Kuala Perlis, n = 5; Perak, n = 5; Penang, n = 5), one within the south 
Peninsular (Johor, n = 4) and the other two within Sabah and Sarawak (Sarawak, n = 6; Sabah, n = 
4) [Figure 1]. Mud crabs were caught using five to seven crab pots baited with fish laid at suitable 
mangrove area (spaced approximately 100 m apart) and lifted and re-baited every 24 hours for 
three successive days. More details on sampling method were described in Rosly et al. (in press). 
From each specimen, approximately 5-10 g muscle tissue was removed from a single claw and 
placed in 95% alcohol. 
Figure 1. Sampling sites and species distribution in Malaysia. Each colour represents each species as indi-
cated in the legend and the size of fractions corresponds to the frequency of samples obtained.  
2.2. Total DNA extraction, polymerase chain reaction (PCR) and sequencing
Total genomic DNA from muscle tissue was extracted following the protocols from AquaGe-
nomic Solution Kit (BioSyntech, USA).  Polymerase chain reaction (PCR) was used to amplify the 
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target region of the COI gene in the mtDNA genome of all sampled individuals. Heavy strand 
primer Mtd-10 5’- T TGA TTT TTT GGT CAT CCA GAA GT - 3’ [11] and light strand primer 
C/N 2769 5’- TT AAG TCC TAG AAA ATG TTG RGG GA - 3’ [16] were used to amplify a 542 
bp region of the COI region. Each PCR amplification was performed in a total volume of 20 µl of 
PCR mixture consisting of 10x PCR buffer, 2.5 mM dNTP mixture, 5U of i-Taq DNA polymerase, 
25mM MgCl
2
, 0.5 pmol of each forward and reverse primer and 1.6 µl (20 ng) of DNA from each 
sample. Thermal cycling conditions (on a G-STORM; Gene Technologies Ltd.) were 35 x [94°C for 
30 s, 50°C for 30 s, 72°C for 1 min, 94°C for 3 min] and a final incubation at 72°C for 5 min.PCR 
products were then purified and sent to First Base Laboratories Sdn Bhd (1st BASE) for sequencing. 
2.3. Alignment and sequence properties
The program MEGA ver. 4.0 [12] was used to visualize and align all sequences, including COI 
partial sequences of S. serrata obtained from Genbank (Genbank accession no: GU055497.1 – 
GU055506.1). The resulting sequences for each individual were then aligned using CLUSTAL W 
ver. 1.6 with default settings and were manually checked and trimmed in the BIOEDIT ver 7.0.9 
sequence editing program; alignments were subsequently revised by eye in  an effort to maxi-
mize positional homology. All aligned sequences were then imported into Basic Local Alignment 
Search Tool (BLAST) software to ensure the identity of the samples. 
2.4. Phylogenetic analysis
The sequence characteristics of the COI region were calculated using MEGA ver. 4.0 [12]. The phy-
logenetic relationships among haplotypes were reconstructed using maximum parsimony (MP) 
and neighbour joining (NJ; [13]). We conducted MP and NJ phylogenetic analysis in MEGA ver. 4.0 
[12]. Neighbour joining analysis was executed using non-parametric re-sampling procedure with 
10,000 replicates. We performed MP analysis under the HKY+I model using the heuristic search 
algorithm with tree bisection reconnection (TBR) branch swapping and 100 random sequence 
addition replicates. Both trees reconstructions included 5 sequences of indigenous portunid from 
Genbank; Portunus pelagicus (Genebank accession no: GQ272560.1 – GQ272564.1).  The genetic 
distance, G
st 
between populations was calculated using the Tamura-Nei distance [14] based on 
unequal base frequencies and unequal ratios of transitions to transversions (Ti:Tv) implemented 
in mega ver. 4.0 [12]. The frequency of each haplotype, haplotype diversity (h) (i.e., the probability 
that two randomly selected haplotypes are present in the sample) and the nucleotide diversity 
(π) within populations and geographical regions was estimated using ARLEQUIN ver. 3.11 [15]. 
3. Results and Discussions
Overall 50 partial sequences (see Supplementary Material for Genbank accession number for 
each sequence analysed) of 520 base pairs (bp) each of the mtDNA COI gene correspond to 50 
individuals representing three Scylla species (S. olivacea, S. paramamosain and S. tranquebarica) and 
10 COI partial sequences of S. serrata obtained from Genbank (Genbank accession no: GU055497.1 
– GU055506.1) were analyzed. All the sequences show high sequence similarity (99-100%) to their 
respective species sequence in Genbank, indicate that misidentification of species does not occur 
in this study.  The 520 bp Scylla sequences comprised 109 variable sites, of which 102 are parsi-
mony informative sites (Table 1). This high number of parsimony-informative sites indicates that 
COI mtDNA is capable to be an informative locus candidate for phylogenetic studies [16] as well 
as for population differentiation and population genetic structure (Rosly et al., in press).
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Taxa n Nhap
G+C
(%) 
Number of sites  
Ti Tv
Variable Conserved
Parsim-
Info
Multiple
substitution
S. olivacea 20 16 42.44 20 500 11 21 19 2
S. tranquebarica 20 4 19.40 6 514 5 6 5 1
S. paramamosain 10 6 27.04 6 514 0 6 6 0
S. serrata 10 10 24.16 16 504 0  16 14 2 
Table 1. Summary of number of haplotypes, nucleotide diversity (π) and haplotype diversity (h) with stan-
dard deviation (SD), nucleotide composition, transition, transversion and multiple substitution dataset for 
each species implemented in ARLEQUIN ver. 3.11 software [25]. The number of sites was generated by using 
MEGA ver. 4 [17]. n = sample size; Ti = transition; Tv = transversion.
Figure 2. Neighbour-joining (NJ) phylogram showing the relationships among cytochrome c oxidase I (COI) 
sequences of Scylla species and 5 outgroups of genus Portunus analyzed in the present study. The number at 
each node represents the bootstrap percentage value based on 10000 pseudoreplications for the neighbor-
joining (NJ) analysis generated using MEGA ver. 4.0 [17] software.
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Figure 3. Maximum Parsimony (MP) phylogram showing the relationships among cytochrome c oxidase 
I (COI) sequences of Scylla species and 5 outgroups of genus Portunus analyzed in the present study. The 
number at each node represents the bootstrap percentage value based on 1000 replicates and applies the 
close-neighbour interchange (CNI) using the initial tree by random addition of 100 replicates for the maxi-
mum parsimony (MP) analysis generated using MEGA ver. 4.0 [17] software.
This study has highlighted the monophyly pattern of mud crab genus Scylla as evident by the 
consistent of four major clades in both phylogenetic trees (Figures 2 and 3). All samples were 
clustered according to their respective species; S. tranquebarica, S. paramamosain, S. serrata and 
S. olivacea with both trees showed that S. tranquebarica branched the earliest from all the species 
analysed in this study (Figures 2 and 3).The generic relationships revealed by our neighbour-
joining (NJ) and maximum parsimony (MP) tree are highly in agreement with the previous mo-
lecular phylogeny study of Scylla based on COI sequence data [10]. However, our current results 
provide new insights into the classifications of the genus Scylla and presents additional evident 
regarding their inter-relationships that were not included and discussed in previous studies. 
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The construction of phylogenetic trees using NJ and MP analyses produced identical tree topolo-
gies with strong levels of support for all nodes (Figures 2 and 3). Additionally, clear relationships 
among mud crab species was observed in both trees and supports the placement of outgroup 
taxa, Portunus pelagicus at the base of both trees (Figures 2 and 3). The relative efficiencies of 
the NJ and MP in obtaining the correct topology for phylogenetic inference were studied by 
computer simulation. The NJ method gives a correct topology even when the distance measures 
used are not unbiased estimators of nucleotide substitutions, while for the MP method, both the 
weighted and unweighted parsimony are generally less efficient than the NJ method even in 
the case where the MP method gives a consistent tree. However, the NJ and MP analysis in our 
study returned a similar tree topology (see Figures 1 and 2), as demonstrated by several other 
studies at different taxa. Thus, the same tree topology (although different bootstrap values) that 
demonstrated by both of the phylogenetic trees has highly support the inter-taxa relationship 
among mud crabs genus Scylla sampled from Malaysia. 
The relatively deep gene trees clearly show a large divergence between mud crab genus Scyl-
la analysed in this study (Figures 1 and 2). This was further corroborated by the pairwise ge-
netic distance among the four species of Scylla which ranges from Gst = 0.086-0.198 (mean±SD; 
0.146±0.261) for COI gene (Table 2). Other studies, particularly in marine fishes also show a large 
genetic distance between species. The intraspecific and interspecific differentiation in various 
crustacean taxa has been reported to be ranges at Gst = 0.00-1.47 and Gst = 5.2-31.6 respectively. 
Accepting this threshold as valid, the genetic distances between four species of mud crab in our 
study falls within the range of interspecific differentiation of crustacean taxa, thus further sup-
ported the study by Fuseya and Watanabe [8] which reported that there exist at least three dis-
tinct species within the genus Scylla (see e.g.  [10, 12]). 
Taxa S. olivacea S. tranquebarica S. paramamosain S. serrata
S. olivacea
S. tranquebarica 0.165
S. paramamosain 0.198 0.086
S. serrata 0.181 0.114 0.131  
Table 2. Pairwise Tamura-Nei genetic distances (Gst) for COI gene sequence among Scylla. 
In conclusion, in this study we were able to provide useful insights into phylogenetic relation-
ships and the genetic identity of Scylla species from mangrove areas in Malaysia. However, fur-
ther studies using larger samples from other areas of its geographical distribution, sequence data 
from other mtDNA regions, and information based on nuclear DNA markers are required to 
support our findings. 
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